Introduction {#H1-1-IOI190049}
============

The lack of organs for kidney transplantation is a major public health problem owing to its attributable mortality and excess cost to health care systems while wait-listed patients are maintained on chronic dialysis.^[@ioi190049r1]^ Nearly 5000 people in the United States and more than 3000 people in Europe die each year while waiting for a kidney transplant.^[@ioi190049r2],[@ioi190049r3]^ Yet, in the United States, over 3500 donated kidneys are discarded annually.^[@ioi190049r4]^

Over the past decade, the worldwide scarcity of donated kidneys and the decline in the number of living donor transplants in some countries have prompted a variety of efforts to expand the organ supply, such as accepting organs from donors who were older or had comorbidities or other injuries.^[@ioi190049r5],[@ioi190049r6],[@ioi190049r7],[@ioi190049r8]^ As new treatment approaches have developed to manage the complications of kidney transplantation, recent studies have suggested that compared with dialysis, even the lowest-quality kidneys lengthen the life span, on average, for transplant recipients.^[@ioi190049r9],[@ioi190049r10],[@ioi190049r11]^

The leading explanations for the high rate of kidney discard include the intense regulatory scrutiny of US transplant programs, which may lose credentials if their 1-year death and graft failure outcomes exceed predicted outcomes.^[@ioi190049r5]^ Schold et al^[@ioi190049r12]^ reported that transplant programs that received negative reports performed 22.4 fewer transplants subsequently vs a mean increase of 7.8 transplants for other programs (*P* = .001). Financial disincentives may also discourage acceptance of lower-quality kidneys because managing complications such as delayed graft function prolongs hospitalisation.^[@ioi190049r13],[@ioi190049r14]^ An additional concern is the role of kidney biopsies as a flawed method of assessing allograft quality. Although biopsies can yield information about scarring, acute kidney injury, or chronic disease, biopsies may also promote needless discard if the pathologic analysis is completed by individuals who lack sufficient time and skill.^[@ioi190049r15],[@ioi190049r16]^

Two major initiatives from the United Network for Organ Sharing (UNOS), the organization responsible for organ allocation in the United States, failed to improve the kidney acceptance rate. First, UNOS introduced the Kidney Donor Risk Index (KDRI) for all kidney offers in 2012. The KDRI is a score that predicts survival of deceased donor kidneys based on 10 donor characteristics and was intended to simplify the process of judging organ quality for clinicians.^[@ioi190049r17]^ A lower KDRI score indicates better kidney quality. Second, in 2014, UNOS changed the kidney allocation system so that lower-quality kidneys are offered over wider geographic areas. Despite these initiatives, the number of discarded kidneys rose from 2127 (14.9%) in 2006 to 3631 (20%) in 2016.^[@ioi190049r18]^

In this context, the experience of transplant programs outside the United States could offer novel approaches to making organ utilization more efficient through the examination of the disposition of organs that are usually discarded in the United States. Indeed, long waiting times and aging populations are characteristic of both European and US transplant programs. To facilitate the use of older organs, Eurotransplant implemented the Senior Program, matching kidneys from donors older than 65 years to recipients in the same age group.^[@ioi190049r19],[@ioi190049r20]^ France, Spain, and Italy, which are outside the Eurotransplant region, have followed similar policies to progressively increase the donor pool by offering and using a wider range of deceased donors for transplantation. The French transplant system in particular offers a useful contrast because French transplant programs face less regulatory scrutiny than US programs and do not use donor kidney biopsies in organ acceptance decisions.

Evidence is scarce regarding the hypothetical benefit of transplanting kidneys that would have been discarded otherwise in the United States. Therefore, we evaluated the number of kidney transplants that would have taken place using data from a nationwide cohort study in the United States and France, and used computer simulation algorithms to measure the potential gains in allograft survival years that would result if US programs adopted less restrictive kidney acceptance practices.

Methods {#H1-2-IOI190049}
=======

Study Population {#H2-1-IOI190049}
----------------

The trial protocol is available in [Supplement 1](#note-IOI190049-1-s){ref-type="supplementary-material"}. We assembled a cohort of all consecutive kidneys recovered for the purpose of transplantation from donors deceased from brain death or circulatory death between January 1, 2004, and December 31, 2014. We also examined outcomes for the recipients of kidney transplants from these donors in the United States and in France. In both countries, we excluded living donor kidney transplants, multiorgan transplant recipients, kidneys that were offered to transplant centers but were never recovered, and patients with missing data to calculate the KDRI score (eFigure 1A and B in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

Data Source {#H2-2-IOI190049}
-----------

### Organ Procurement and Transplantation Network in the United States {#H3-1-IOI190049}

Data on the donors and kidney transplant recipients were obtained using registry data from the Organ Procurement and Transplantation Network (OPTN). The OPTN data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States, as submitted by the members of the Organ Procurement and Transplantation Network. The Health Resources and Services Administration (HRSA) of the US Department of Health and Human Services oversees the activities of the OPTN contractor. The kidney allocation policies are described in detail elsewhere.^[@ioi190049r4]^

### CRISTAL Registry in France {#H3-2-IOI190049}

Data on the donors and recipients in the French cohort were obtained from the national CRISTAL registry, initiated in 1996 and maintained by the *Agence de la Biomédecine*, which prospectively collects data on all potential donors and organ transplant candidates, along with their outcomes.^[@ioi190049r21],[@ioi190049r22]^ By law, data collection is provided by all organ procurement organizations and transplant centers in France. The University of Pennsylvania determined that the proposal met eligibility criteria for institutional review board review exemption because all data are anonymized and studies using the data do not require institutional review board approval. The study was conducted according to French law stating that research studies based on the CRISTAL national registry are part of transplant assessment activity and do not require institutional review board approval. Kidney allocation policies are described in detail in <https://www.agence-biomedecine.fr/>.^[@ioi190049r23]^

Kidney Donor Risk Index Assessment {#H2-3-IOI190049}
----------------------------------

Organ quality was estimated by calculating the KDRI and the Kidney Donor Profile Index (KDPI), with lower values suggestive of better quality. The KDRI and KDPI are currently used as part of the OPTN allocation system for deceased donor kidneys in the United States and have been validated as reliable measures of organ quality in the United States and other developed countries.^[@ioi190049r17],[@ioi190049r24],[@ioi190049r25]^ We calculated the KDRI as described by the OPTN (eMethods 1.2 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

Outcomes {#H2-4-IOI190049}
--------

The primary outcome was donor kidney discard, both single and dual (the latter refers to instances in which both kidneys were procured, and neither was transplanted). The secondary outcome was allograft failure after transplantation (defined as the need for renal replacement therapy or preemptive retransplantation). Death-censored and non--death-censored graft survival were considered in the analyses (eMethods in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

Statistical Analysis {#H2-5-IOI190049}
--------------------

Continuous variables were described using the means and standard deviations (SDs) or medians and interquartile ranges (IQRs). We compared the means and proportions between groups using the student *t* test, analysis of variance (ANOVA), or the χ^2^ test, as appropriate.

### Statistical Modeling of Kidney Allograft Discard Practice in Each Country {#H3-3-IOI190049}

We used US and French data to estimate changes in the number of kidneys transplanted and discarded in the United States where French organ acceptance practices applied to organs donated in the United States, and vice versa.

The association between the (log-transformed) KDRI score and kidney allograft discard was assessed through logistic regression analyses. A score was generated using the regression coefficient of the model, and a probability of discard using this score was generated for each patient. Model calibration using the KDRI was assessed by graphical methods and discrimination by the receiver operating characteristic (ROC) curve and area under the curve (AUC; eMethods 1.1.1 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

The Monte-Carlo simulation method was used to estimate the number of kidneys that would have been discarded using the KDRI-driven kidney acceptance practice between countries. Acceptance practices were simulated for each kidney separately. For each kidney (*k*) of a given deceased donor (*d*) from 1 of our 2 countries, the following procedures were performed: (1) a uniform 0-to-1 random number *U~dk~* was generated; and (2) its probability *P~dk~* of being discarded was computed from the other-country logistic regression model according to the actual KDRI *K~d~* of the donor, and the kidney *k* was virtually discarded if and only if U*~dk ~*≤ *P~dk~* (eMethods 1.1.3 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).^[@ioi190049r26]^ We considered that the size of the deceased donor cohorts (156 089 for the United States and 29 984 for France) offered such a wide range of variability that no bootstrapping techniques were needed.^[@ioi190049r27]^

### Quantification of Predicted Kidney Allograft Survival of Discarded Kidneys {#H3-4-IOI190049}

Stratified by country of transplantation, we performed kidney survival analysis from the time of transplantation until a maximum follow-up of 10 years, with kidney graft loss as the event of interest, defined as the patient's return to dialysis or retransplantation. Ten groups were generated using the KDRI deciles, and allograft survival was generated for each decile. For the patients who died with a functioning graft, graft survival was censored at death.^[@ioi190049r28]^ Kidney allograft survival was plotted using Kaplan-Meier curves and compared using the log-rank test. The mean allograft survival for each KDRI decile was estimated using the restricted mean survival time (RMST) (the area under the Kaplan-Meier curves) in the survRM2 package in R (version 3.2.1, R Foundation for Statistical Computing) among transplanted patients.

### Estimation of the Gain or Loss in Allograft Life-Years Based on Observed Survival Data {#H3-5-IOI190049}

Using actual survival data, we then quantified the change in the number of years of allograft life that would have been saved or lost under a redesigned allocation system (for example, if kidney acceptance practices were modified) based on the allograft acceptance patterns in the other country. This number corresponds to the survival time of the kidneys that would have been saved or lost by mimicking the kidney acceptance practices of the other country and using the mean survival time associated with those kidneys.

We used STATA statistical software (version 14, STATA Corp) and R (version 3.2.1, R Foundation) for the descriptive and survival analyses. All statistical tests were 2-sided, and *P* values \<.05 were considered significant.

Results {#H1-3-IOI190049}
=======

Characteristics of Kidneys Recovered for Transplantation in France and in the United States {#H2-6-IOI190049}
-------------------------------------------------------------------------------------------

The French cohort included 15 500 deceased donors between January 1, 2004 and December 31, 2014, from whom 29 984 kidneys were recovered. Among these recovered kidneys, 27 252 were transplanted and 2732 (9.1%) were discarded.

The US cohort included 78 517 deceased donors between 2004 and 2014, from whom 156 089 kidneys were recovered for transplantation. Among these recovered kidneys, 128 102 were transplanted and 27 987 (17.9%) were discarded (eFigure 1A and B in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

[Table 1](#ioi190049t1){ref-type="table"} presents the characteristics of transplanted and discarded kidneys in France compared with those in the United States. Among transplanted kidneys, the mean (SD) donor age was 50.91 (17.34) years in France vs 36.51 (17.02) years in the United States (*P* \< .001). In the United States, fewer donors had hypertension (n = 31 720 \[24.76%\] vs 7919 \[29.06%\] in France; *P* \< .001) or died of cerebrovascular causes (n = 41 858 \[32.68%\] vs 14 871 \[54.57%\] in France; *P* \< .001). Kidneys in France were less likely to be donated after cardiac death (prevalence rate of 1.6% vs 11.7% in the United States) and to come from donors seropositive for hepatitis C virus (prevalence rate of 0.1% vs 2.1% in the United States). In France, the discard rate was lower for weekend procurement (667 kidneys discarded during the weekend \[8.5%\] vs 2065 discarded during weekdays \[9.3%, *P* = .02\]). In the United States, the overall discard rate was similar during the weekdays and weekend, with 20 237 kidneys discarded during weekdays (prevalence rate of 17.9%) vs 7750 discarded during the weekend (prevalence rate of 18.0%, *P* = .70). In the United States, there was a higher discard rate of kidneys recovered from African American donors (4748 of 22 751; 20.9%) compared with non--African American donors (23 239 of 133 338; 17.43%, *P *\< .001).

###### Baseline Characteristics of the Transplanted and Discarded Kidneys in the US and French Systems[^a^](#ioi190049t1n1){ref-type="table-fn"}

  Characteristic                 Transplanted Kidneys   *P* Value[^b^](#ioi190049t1n2){ref-type="table-fn"}   Discarded Kidneys   *P* Value[^b^](#ioi190049t1n2){ref-type="table-fn"}                                                  
  ------------------------------ ---------------------- ----------------------------------------------------- ------------------- ----------------------------------------------------- ---------------------------------------------- --------
  Age, mean (SD), y              36.51 (17.02)          50.91 (17.34)                                         \<.001              52.15 (16.39)                                         61.58 (17.04)                                  \<.001
  Male sex                       77 695 (60.65)         16 110 (59.11)                                        \<.001              14 694 (52.50)                                        1710 (62.59)                                   \<.001
  Height, mean (SD), cm          167.76 (20.68)         169.61 (11.25)                                        \<.001              167.28 (19.23)                                        167.47 (15.16)                                 .79
  Weight, mean (SD), kg          77.18 (24.81)          73.40 (16.16)                                         \<.001              81.32 (25.41)                                         75.16 (19.20)                                  \<.001
  BMI, mean (SD)                 26.68 (6.64)           25.39 (4.99)                                          \<.001              28.44 (7.32)                                          26.48 (5.49)                                   \<.001
  Hypertension                   31 720 (24.76)         7919 (29.06)                                          \<.001              16 801 (60.03)                                        1349 (49.38)                                   \<.001
  Diabetes mellitus              8085 (6.31)            1844 (6.77)                                           .005                6203 (22.16)                                          379 (13.87)                                    \<.001
  Hypertension and diabetes      5495 (4.29)            1204 (4.42)                                           .35                 5243 (18.74)                                          310 (11.35)                                    \<.001
  Cerebrovascular death          41 858 (32.68)         14 871 (54.57)                                        \<.001              16 106 (57.55)                                        1816 (66.47)                                   \<.001
  DCD donor                      15 037 (11.74)         438 (1.61)                                            \<.001              3816 (13.63)                                          199 (7.28)                                     \<.001
  Creatinine, mean (SD), mg/dL   1.11 (0.88)            1.02 (0.61)                                           \<.001              1.50 (1.14)                                           1.23 (0.80)                                    \<.001
  KDRI, mean (SD)                1.23 (0.41)            1.50 (0.58)                                           \<.001              1.83 (0.56)                                           2.03 (0.72)                                    \<.001
  KDPI, mean (SD)                0.45 (0.28)            0.60 (0.29)                                           \<.001              0.77 (0.23)                                           0.80 (0.22)                                    \<.001
  Positive HCV serology          2712 (2.12)            36 (0.13)                                             \<.001              2932 (10.48)                                          29 (1.06)                                      \<.001
  African American donors        18 003 (14.05)         NA[^c^](#ioi190049t1n3){ref-type="table-fn"}          NA                  4748 (16.97)                                          NA[^c^](#ioi190049t1n3){ref-type="table-fn"}   NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); DCD, donors with cardiac death; KDPI, Kidney Donor Risk Profile; KDRI, Kidney Donor Risk Index; NA, not applicable.

Data are based on national registry data from the Organ Procurement and Transplantation Network for the United States and from the national CRISTAL registry in France maintained by the *Agence de la Biomédecine*, which prospectively collect information on all potential donors and organ transplant recipients along with their outcomes. Inclusion criteria included kidneys from donors with available KDRI data elements. The number of participants with missing data for KDRI was 1525 (1%) for the United States and 1403 (4.5%) for France.

χ^2^ tests were conducted for the comparison of proportions, and *t* tests were conducted for the comparison of continuous variables.

Reporting of ethnicity for donors is not permitted per the French regulation data protection rules.

The mean (SD) KDRI of transplanted deceased donors was significantly higher in France (1.50 \[0.58\]) than in the United States (1.23 \[0.41\]) (*P* \< .001) ([Figure 1](#ioi190049f1){ref-type="fig"}A and B). Similar trends were observed using the KDPI score ([Table 1](#ioi190049t1){ref-type="table"}) (eFigure 2 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

![Deceased Donor Kidneys Transplanted and Discarded in the United States and France Between 2004 and 2014 and Their Kidney Donor Risk Index (KDRI) Scores^a^\
Data are based on 156 089 recovered kidneys in the United States, including 128 102 transplanted and 27 987 discarded kidneys, and on 29 984 recovered kidneys in France, including 27 252 transplanted and 2732 discarded kidneys. A, The distribution of KDRI scores for transplanted (blue) and discarded (orange) kidneys in the United States. B, The distribution of the KDRI score for transplanted (blue) and discarded (orange) kidneys in France. Dashed vertical lines correspond to the mean KDRI of transplanted kidneys (dashed blue) and discarded (dashed orange) kidneys. C, The probability of discard in the United States by KDRI; and D, The probability of discard in France by KDRI. The blue curve corresponds to the probability of discard according to the KDRI in the United States (C) and in France (D).\
^a^Lower KDRI indicates better kidney quality.](jamainternmed-179-1365-g001){#ioi190049f1}

Temporal Trends in Organ Quality and Age for Transplanted Deceased Donor Kidney Allografts {#H2-7-IOI190049}
------------------------------------------------------------------------------------------

From 2004 through 2014, there was a steadily rising KDRI in France (mean \[SD\] 1.37 \[0.47\] in 2004 and 1.74 \[0.72\] in 2014, *P* \< .001), reflecting a temporal trend of more aggressive organ use, whereas the quality of kidneys transplanted in the United States showed little change (mean \[SD\] KDRI, 1.30 \[0.48\] in 2004 and 1.32 \[0.46\] in 2014) (eFigure 3A and B in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}). Similar trends were observed using the KDPI score (eFigure 4 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}). This higher KDRI in France was driven principally by increasing donor age (mean \[SD\] age, 56.17 \[18.32\] years in France vs 39.08 \[17.27\] years in the United States in 2014) (eFigure 3C and D in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

Prediction Models for Kidney Discard Decisions in France and the United States {#H2-8-IOI190049}
------------------------------------------------------------------------------

The KDRI (log transformation) was highly associated with the discard of the kidney in France and in the United States (OR, 3.88; 95% CI, 3.83-3.93; in the United States; OR, 2.18; 95% CI, 2.07-2.30; *P *\< .001 in France). The 2 models showed good accuracy, with an AUC of 0.82 for the United States model, and an AUC of 0.72 for the French model (eFigure 5A in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}); both models displayed excellent calibration (eFigure 5B and C in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}). These analyses revealed that the US allocation system had a higher probability of discarding kidneys with higher KDRIs than in France ([Figure 1](#ioi190049f1){ref-type="fig"}C and D). As revealed in [Figure 1](#ioi190049f1){ref-type="fig"}, a KDRI of 1, 2, 3, and 4 results in actual kidney discard rates of 5%, 45%, 80%, and 92%, respectively, in the United States, compared with 3%, 13%, 27%, and 42% discard rates in France, respectively.

We then applied the French allocation model to the US cohort and demonstrated that a French-based practice pattern translated to an estimated 10 552 discarded kidneys compared with the actual number of 27 987 discarded kidneys in the United States (French model-based discard rate of 6.8% compared with actual discard rate of 17.9% in the United States, *P* \< .001). Overall, the application of the French-based discard practice pattern would have corresponded to an estimated 17 435 fewer discarded kidneys (62.3% among all discarded kidneys) in the United States during the observation period from 2004 to 2014 ([Figure 2](#ioi190049f2){ref-type="fig"}).

![Number of Actually Transplanted and Discarded Kidneys in the United States Contrasted With the Number of Kidneys That Would Have Been Saved and Discarded Using a Redesigned System\
The number of actually transplanted and discarded kidneys in the United States between 2004 and 2014 and the kidneys that would have been transplanted and discarded if the French model had been applied in the United States. The blue line shows the number of kidneys that would have been saved in the United States if the French model had been applied. Overall, a total of 17 435 US kidneys would have been saved during the observation period.](jamainternmed-179-1365-g002){#ioi190049f2}

Estimation of the Potential Gain in Allograft Life-Years If Kidney Discard Rates Were Reduced in the United States {#H2-9-IOI190049}
------------------------------------------------------------------------------------------------------------------

Overall, the observed allograft survival for deceased donor kidneys transplanted in the United States was 95.0%, 83.5%, 77.3%, and 67.3% at 1, 5, 7, and 10 years posttransplant, respectively. Based on outcomes for actual US kidney recipients, we determined the mean allograft survival by 10-year posttransplantation and stratified allograft survival according to the 10 deciles of the KDRI score (eFigure 6 and eFigure 7 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}; stratified allograft survival according to the 10 deciles of KDRI score for French kidney recipients is shown in eFigure 8 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

We then assessed the kidney survival of the pool of kidneys discarded in the United States that would have been accepted at French transplant centers. Based on the US allograft survival data, we calculated that this pool of discarded kidneys in the United States would have provided 132 445 potential allograft life-years by 10 years posttransplantation ([Figure 3](#ioi190049f3){ref-type="fig"}).

![Estimation of the Allograft Life-Years Gained From Reducing Kidney Discard Rates in the United States Through a Redesigned System\
KDRI Indicates Kidney Donor Risk Index. The greatest gain in life-years is achieved through reduced discard of the lowest-quality kidneys. A, The life-years saved by decile of the Kidney Donor Risk Index (KDRI) by applying French acceptance-based patterns to the pool of US kidneys. B, The life-years saved overall if organ acceptance patterns in the United States had followed the French acceptance model.](jamainternmed-179-1365-g003){#ioi190049f3}

Sensitivity Analysis {#H2-10-IOI190049}
--------------------

### Estimation of the Number of Donated Kidneys That Would Be Discarded Using Donor Variables Instead of the Single KDRI Score {#H3-6-IOI190049}

Instead of using the single KDRI score, we performed bivariate and multivariable analyses of the association between individual donor variables and the outcome of kidney discard for the United States (eTable 1A and B in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}) and for France (eTable 2A and B in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}). The AUC of the final model was 0.82 (95% CI, 0.82-0.82) and 0.74 (95% CI, 0.73-0.75) for the US- and French-based models, respectively, showing similar results to the original model that included only the single KDRI score as a covariate. This model revealed similar projections of discard rates as those found in primary analyses.

### Estimation of Non--Death-Censored Allograft Life-Years If Kidney Discard Rates Were Reduced in the United States {#H3-7-IOI190049}

We subsequently used non--death-censored allograft survival analysis (instead of death-censored analyses) to estimate the number of allograft life-years saved if more aggressive organ transplantation practices were applied to kidneys donated in the United States. This analysis offers the benefit of taking into account the effect of recipient deaths on allograft outcomes and was based on observed survival times for actual recipients of similar kidneys in the United States. The kidney allograft survival times according to the KDRI deciles are shown in eFigure 9 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}. (Non--death-censored allograft survival according to the KDRI deciles in France are shown in eFigure 10 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}). When we applied the kidney discard prediction models, the potential gain in allograft life-years in the United States would have been 109 079 years during the 10-year observation period (eFigure 11 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}).

### Estimation of the Reduction in Donor Pool and Loss in Allograft Life-Years If the US-Based Kidney Acceptance Model Were Applied to France (Vice Versa Analysis) {#H3-8-IOI190049}

We next evaluated the lost allograft life-years by applying the model of US-based acceptance practices to the French cohort. Applying the US model to the French allocation system resulted in an increase of 7558 discarded kidneys (discard rate of 25.2%) compared with the actual number of 2732 discarded kidneys in France (actual discard rate of 9.1%, *P* \< .001). The graft survival of this pool of kidneys that would have been discarded if US acceptance practices were applied to the French system was: 87.5%, 83.4%, and 76.3% at 5, 7, and 10 years, respectively.

Based on the French allograft survival data, we calculated that the pool of hypothetically discarded kidneys from the US-based acceptance model, but actually transplanted kidneys in France would have experienced a loss of 41 977 allograft life years over 10 years if kidney acceptance practice patterns from the United States had been adopted.

Subgroup Analyses {#H2-11-IOI190049}
-----------------

Various subgroup analyses were performed to test the robustness and generalizability and to account as best as possible for differences between the French and American donor populations. As shown in [Table 2](#ioi190049t2){ref-type="table"}, the results of these subgroup analyses were similar to primary analyses in terms of the magnitude of associations as well as the discard and allograft survival.

###### Subgroup Analyses Involving Year of Organ Recovery, Donor Ethnicity, Donor Hepatitis C Virus Serostatus, and Donation After Cardiac Death Status

  Variable                                                          Transplanted Kidneys, No.   Discarded Kidneys, No.   Actual Discard Rate, %   Discard Rate in the Redesigned System, %   Potential Gain of Allograft Life-Years in the Redesigned System, y
  ----------------------------------------------------------------- --------------------------- ------------------------ ------------------------ ------------------------------------------ --------------------------------------------------------------------
  Overall US data set (2004-2014)                                   128 102                     27 987                   17.9                     6.8                                        132 445
  Year of Organ Recovery                                                                                                                                                                     
  US donors, y                                                                                                                                                                               
  2004-2008                                                         56 360                      11 737                   17.2                     6.9                                        53 282
  2009-2014                                                         71 742                      16 250                   18.5                     6.7                                        79 163
  Characteristics of US donors                                                                                                                                                               
  Non-African American                                              110 099                     23 239                   17.4                     6.3                                        113 264
  Hepatitis C negative                                              125 266                     25 018                   16.6                     6.6                                        113 825
  Non-DCD donors                                                    113 065                     24 171                   17.6                     6.8                                        112 381
  Non--African American, hepatitis C negative, and non-DCD donors   93 721                      17 668                   15.8                     6.2                                        81 267

Abbreviation: DCD, donors with cardiac death. These analyses show the discard rate and the potential gain in allograft life-years in a redesigned organ acceptance system among donor subgroups in the United States to account for the differences between the French and American donor populations.

Discussion {#H1-4-IOI190049}
==========

The high rate of discard of kidneys recovered for transplantation in the United States suggests the potential to gain insight into allocation efficiency from other health care systems. In this comparison of kidneys recovered from deceased donors from 2004 through 2014, the age of the donors of transplanted kidneys remained stable in the United States. By contrast, transplant practice in France addressed the unmet need for transplantable organs by accepting lower-quality kidneys from older donors, such that by 2014, the mean age of kidney donors was 56 years in France vs 39 years in the United States. Using real life survival data from 2 comprehensive registries, we calculated that elevated kidney discard rates in the United States led to the loss of 17 435 kidneys and 132 445 unrealized allograft life years during the observation period. This finding indicates that the US kidney transplantation system, which has driven innovations in donor utilization in the domains of kidneys obtained after cardiac death and from hepatitis C virus-infected donors, still has substantial potential for growth by accepting more organs from donors who are older and have comorbidities including diabetes and hypertension. Such growth would offer substantial benefit for wait-listed patients.^[@ioi190049r29]^

This study builds on an important tradition of implementing international comparisons to identify best practices for treating patients with kidney disease. For 2 decades, the Dialysis Outcomes and Practice Patterns Study has generated robust studies of variation in dialysis treatment across 20 countries.^[@ioi190049r30]^ Other investigators have documented wide international variation in the rate of organ donor registration^[@ioi190049r31]^ and deceased organ donation,^[@ioi190049r32]^ and thereby invigorated efforts to identify effective approaches from nations such as Spain, where donation rates are high. This study leverages data from the United States and France to show inefficiencies in the utilization of deceased donor kidneys in the United States and points the way to the solution. A systematic literature review (eMethods 1.3 in [Supplement 2](#note-IOI190049-1-s){ref-type="supplementary-material"}) revealed that no studies systematically assessed kidney discard rates between different countries and their impact in terms of gain or loss of opportunities for wait-listed patients by virtually applying an EU-based allocation approach to the US system. Given the paucity of evidence and the infeasibility of a randomized clinical trial, our study advances the field and brings appropriate analytical approaches to the problem.

Our results strongly suggest that patients wait-listed for kidney transplantation would benefit if US transplant programs were more willing to accept lower-quality kidneys, particularly from older deceased donors. Notably, the higher KDRI scores of kidneys transplanted in France vs the United States was primarily owing to older donor age and not to the wider use of kidneys from donors with other specific characteristics that may negatively impact allograft quality, such as hepatitis C seropositivity or cardiac death.^[@ioi190049r17]^ If programs in France did use kidneys from donors with hepatitis C virus or cardiac death at the same rate as US programs do, average kidney allograft quality in France would be lower and the difference in kidney quality scores such as the KDRI between the 2 countries would grow even larger. Although older donor age is a risk factor for allograft failure, kidneys from donors in their 50s or 60s may nonetheless extend life for older transplant candidates in particular.^[@ioi190049r9],[@ioi190049r10],[@ioi190049r33]^ Schold et al^[@ioi190049r34]^ examined US registry data and determined that kidney transplant candidates older than 65 years lived longer if they reduced their waiting time by accepting kidneys from "extended criteria donors"---those older than 60 years or older than 50 years with comorbidities such as hypertension. Frei et al^[@ioi190049r19]^ examined the Eurotransplant Senior Program (ESP) at German, Austrian, Dutch, and Belgian centers, which involves preferential allocation of elderly (\>65 years) deceased donor kidneys into elderly recipients, and reported that ESP reduced waiting time to transplant by 5 months. Subsequent reports involving ESP recipients have suggested that posttransplant survival is approximately equivalent to remaining on dialysis.^[@ioi190049r20],[@ioi190049r35]^ A study of 2040 kidney transplant candidates in Spain, among whom 389 received a kidney transplant from a deceased donor aged 75 years or older, also reported a survival benefit from using these older donor kidneys. At 1 year, the hazard of death across all age groups was approximately half the risk of remaining on dialysis (hazard ratio, 0.51; 95% CI, 0.34-0.77).^[@ioi190049r36]^

Our models of the potential allograft life-years that could be gained from reducing organ discard in the United States may actually underestimate the lost opportunity. A tremendous need exists for viable kidneys suitable for older adults. The percentage of US kidney transplant recipients older than 60 years increased from 22% in 2004 to 32% in 2017, but more than 35 000 patients older than 60 years remained on the waiting list.^[@ioi190049r37]^ Goldberg et al^[@ioi190049r38]^ reported that, compared with eligible donor patients in the United States aged 18 to 39 years, eligible donors aged 55 to 64 years (odds ratio, 0.72; 95% CI, 0.67-0.77) and 65 years or younger (odds ratio, 0.58; 95% CI, 0.52-0.64) became organ donors at much lower rates. In summary, no organs are recovered from many potential older donors, perhaps because of the perception of a low probability than any transplant program would accept the organs. However, if transplant programs created the demand, organ procurement from older individuals might well rise. Because approximately 95 000 patients are currently waiting for kidney transplant in the United States, most transplant programs should not have difficulty finding willing older patients who would be appropriate candidates for higher-KDRI organs. To improve organ quality of marginal kidneys with higher KDRI, new therapeutic approaches are being developed. Those therapeutics include hemodynamic stabilization of brain-dead donors, optimized organ preservation techniques, refinement of organ allocation, and treatment of transplant recipients as recently described by Tullius et al.^[@ioi190049r8]^ With the potential growth in the use of higher-KDRI organs in the future to respond to the organ shortage, better strategies of careful donor management are needed. These strategies include the use of pumping devices that are currently widely implemented in France.

Limitations {#H2-12-IOI190049}
-----------

This study has limitations. First, unmeasured confounding by donor characteristics not assessed in the KDRI, such as vascular disease, might contribute to international differences in organ discard rates. Second, the new organ allocation system has only been implemented in 2014, thus the analysis of data from 2004 to 2014 cannot assess if the new organ allocation system has impacted organ utilization. However, Stewart et al^[@ioi190049r6]^ examined national registry data and showed that the kidney discard rate did not improve after 2014 when the KDRI and other modifications to kidney allocation were implemented. Third, although allografts of similar quality are more likely to be discarded in the United States than in France, posttransplant outcomes for lower-quality kidneys might also be worse in the United States.^[@ioi190049r39],[@ioi190049r40],[@ioi190049r41]^ Nevertheless, our estimates of the gain in life-years if US centers became more aggressive with kidney acceptance were very substantial, whether based on survival data of similar kidneys transplanted in the United States or France. Fourth, US allocation policy does not preferentially allocate older kidneys to older recipients. As a result, greater procurement of high-KDRI kidneys might have adverse consequences if these kidneys were transplanted into young recipients.^[@ioi190049r20],[@ioi190049r42]^ This highlights the need to select the best recipient for a given kidney from a deceased donor including an optimal pairing based on patient's age and organ longevity.^[@ioi190049r8]^ This problem could be overcome with refinements to allocation or education of transplant professionals. Finally, the overall kidney acceptance process, starting from a consented deceased donor to transplantation, may be subject to variations in practice patterns or data recording between countries.

Although this study does not offer a specific policy prescription to increase the acceptance of higher-KDRI kidneys in the United States, the findings offer valuable evidence about lost opportunities that transplant leaders can use to change policy and practice. For example, the results could motivate US regulatory organizations to incentivize wider use of higher-KDRI kidneys instead of focusing predominantly on 1-year posttransplant outcomes. Furthermore, this work of using higher-risk organs might be best pioneered by centers with sufficient expertise and ability to manage complications successfully.

Conclusions {#H1-5-IOI190049}
===========

The high discard rate of deceased donor kidneys is a major concern for the US transplant field. We found that the age and KDRI of US deceased donor kidneys remained stable from 2004 to 2014 in the United States, whereas the French transplant system responded to the organ shortage by accepting lower-quality kidneys, especially those from older donors. Policies designed to enhance the acceptance of donated kidneys in the United States could drive meaningful increases in the number of kidney transplants and bring the benefits of transplantation to thousands of wait-listed patients.
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**eFigure 4.** Evolution of the Kidney Donor Risk Profile (KDPI) in the US and in France over time
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**eFigure 11.** Estimation of non-death-censored lost allograft life years from high kidney discard rates in the US, by KDRI categories

###### 

Click here for additional data file.
